The acoustic emission generated during the thermoelastic phase transitions in polycrystalline Au-47.5 at.% Cd and in Au-49 at.% Cd alloys was recorded and analyzed. The em sion detected is a manifestation of the frictional energy dissipated by the moving interfaces during the nucleation and growth stages of the reversible phase transitions. It was found that the amount of energy dissipated depends upon the direction of the transformation, the heating or cooling rates, and the specific crystallographic features of the martensitic phases. Premartensitic acoustic activity 
tion and growth stages of the reversible phase transitions. It was found that the amount of energy dissipated depends upon the direction of the transformation, the heating or cooling rates, and the specific crystallographic features of the martensitic phases. Premartensitic acoustic activity energy stored dur1ng the orward martens1t1c trans ormat1on. Changes in the local elastic fields occurring 1n the bulk are detected at the specimen surface, and subsequently analyzed by sensitive piezoelectric and electronic . 7-10 dev1ces.
The objective of the present study was to determine the char- The accuracy in the temperature measurements was ±0.5 C.
A stainless steel rod was used as an acoust waveguide being coupled to a PZT transducer of a resonant frequency in the lSD-300 kHz range. The overall amplification of the electronic detection system was set to 80
dB. Filtered signals exceeding the threshold peak amplitude value of lV after amplification, were recorded 8imultaneously as cumulative counts (threshold crossings), cumulative events and count rate as a function of temperature. At the end of each cooling/heating cycle, the distribution of the acoustic emission events, according to their peak amplitude, was obtained by means of a distribution analyzer module.
A schematic of the heating/cooling device given in Fig. 1 . The block diagram of the data acquisition system is given in Fig. 2 .
RESULTS
Both alloys were heated and cooled at a rate of 1°C/min. In a separate set of experiments, both alloys were heated and cooled consecutively four times at a rate of 3°C/min. The numerical results of the cumulative counts and events, presented in Tables 1 and 2, were as well as upon the rates of temperature change. The comparative acoustic activity is shown in Table 3 , where the activity of the Au-47.5 at.% Cd alloy on heating is taken as unity. The acoustic activity during the transformstion from the high temperature phase (htp) to the low temperature phase (ltp) is significantly smaller, for both cooling rates, than at the reverse transformation. It is about 10 times smaller for Au-47.5 at.% Cd alloy, and about 100 times smaller for the 49.0 at.% Cd alloy.
The average number of counts per acoustic event 1s an acoustic emission parameter that reflects the peak amplitude of the event and is, therefore, a measure of the dissipated elastic energy. The bell-shaped feature is less distinct for the htp + ltp transformation in the Au-49.0 at.% Cd alloy.
A phase stabilization phenomenon was observed when specimens of Au-47.5
at.% Cd and Au-49.0 at.% Cd were heated only up to 90 and 70°C, respectively.
No acoustic activity whatsoever was detected during the subsequent cooling sequence.
DISCUSSION
In acoustic emLsston studies vartous parameters have been used to characterize the emission yield such as the ringdown count, count rate, and r.m.s. voltage. Emission pulses can be considered as acoustic events and their amplitude analyzed. In the ringdown mode it is assumed that the number of counts, i.e., the number of crossings of a fixed threshold, obtained during a deformation test, is related to the peak amplitude of
h" 11 t e acoust1c event t roug a ampe s1nuso1 a re at1ons 1p.
However, when the dependence of the ringdown counting on signal peak amplitude and trigger level was examined in acoustic emission during a martensitic trans-
( 2) where P the total number of events having peak amplitudes exceeding VT.
The number of events having peak amplitudes between V. and v. + dV. is:
'
The number of ringdown counts produced by m(V.) events having peak amplitudes
The total number of counts produced during a whole experiment is:
Taking VT "" 1 Volt, a = 3 and C "" -2(lZ) (5) where a is the average number of counts per event. Parameter a is obtained directly from the experimental data, and is related to the sum of the acoustic amplitudes processed by the piezoelectric transducer, i.e., to the total voltage output from the signal processing system:
where P is the total number of events recorded during the course of the is:
The equivalent acoustic pressure P at the transducer -spec1men interface 0 V(total)
"" G·g (7) where g 1s the transducer sensitivity and G is the gain of the electronic system. The total acoustic energy (in joules) is then:
where S is the surface of the transducer, pis the density of the specimen, and v 1s the sound velocity, in cgs units.
The acoustic portion of the dissipated energy during the phase transformation may be evaluated from the experimentally acquired acoustic emission parameters:
W(joules) s pv (9) The treatment presented here neglects the consideration of the following two points. Firstly, the acoustic energy reaching the specimen-transducer interface is only a part of the dissipative accoustic energy generated in the bulk. When the acoustic waves propagate through the specimen and waveguide they undergo a reduction in amplitude due to wavefront expansion and ultrasonic wave attenuation. Secondly, the frequency dependence of the detected voltage amplitudes has not been considered. The relatively narrow frequency ranges of the piezoelectric transducer and the frequency limitations of the measurement system do not permit the processing of the full frequency content of the source signal, as generated in the bulk.
Nevertheless, it is plausible to assume a linear relationship between the released and recorded acoustic energy. The acoustic emission parameter a, which is the average number of counts per event, recorded during the experiment, is related through Eq. 9 with the acoustic portion of the dissipated energy. Moreover, an estimate can be made of the acoustic energy reaching the transducer during the course of the phase transformation.
The,~rtmerical values of this energy are given in Table 4 . Noteworthy is the dependence of the heating/cooling rate on the magnitude of the acoustic energy, the drastic changes for thermal direction of the thermoelastic transformation, and the difference in the energy values for the alloys investigated.
Formation of a martensite plate causes a macroscopic change of shape.
Although the invariant plane strain minimizes the strain along the habit plane, an effective strain can be developed as the martensite plate grows in a third dimension. In polycrystals, in the absence of external stresses, and where differently oriented martensite plate variants form, the growth of each plate may be impeded by grain boundaries or by adjacent plates.
At the tapered ends of the plates the invariant plane strain cond ion 1s no longer fulfilled, and dislocations 11 be present at the ends of The lower the energy dissipated during the direct martensitic transformation (htp + ltp), the higher was the acoustic energy detected during the reverse transformation. This experimental observation is in agreement with Eqs. 10 and 11. Thermal cycling lowers the As temperature (Tables 1 and 2 ) for both alloys, as a result of the thermodynamic balance where the dissipated elastic energy is only one contributing factor. The fact that the acoustic energy detected during the ltp + htp transformation in Au-49.0 at.% Cd alloy is higher than the energy in the Au-47.5 at.% Cd is consistent with the proposed dissipation mechanism.
Mention should be made of the so-called 11 premartensitic 11 and "preaustenitic'' pubes in the acoustic emiuion. Soft lattice vibration modes have been observed, and diffuse X-ray diffraction effects have been detected at temperatures above the Ms in several thermoelastic alloys. 18
There is some controversy as to the interpretation of these phenomena, either as a gradual elastic softening of the lattice approach-ing the transformation temperature, or a manifestation of higher order phase transitions when atomic shuffling occurs before the ''critical" temperature is attained. In the present investigation, a definite 11 premartensitic" acoustic activity was detected at about 25°C before the Ms temperature in both the Au-Cd alloys. This activity could not be detected when a single heating/ cooling cycle was performed, neither at the first of a series of successive thermal cycles, nor when more than 24 hours elapsed between one cycle and another.
In general, the "premartensitic" activity in thermally cycled specimens is rather low, appearing as 2-3 discrete pulses at low rates.
This phenomenon needs further elucidation particularly emphasizing the effect of rest times on the relaxation of stresses and phase stabilization induced by the phase transformation.
CONCLUSIONS

1.
During the martensitic transformations in polycrystalline Au-47.5
and Au-49.0 at.% Cd alloys, a part of the elastic strain energy due 2.
to the frictional resistance opposing interfacial motion is dissipated and recorded as acoustic emission.
When a particular acoustic emis on parameter used, namely the average number of counts per acoustic event, an estimate can be made of the amount of energy dissipated during the phase transitions. 
